The 3SPN.2C model is a coarse-grained model of DNA that represents each nucleotide as three beads: one for the phosphate, one for the base, and one for the sugar. We restate the model parameters to make this work self-contained. We use a combination of bond, angle, 1
where k b and r eq,i are the force constant and the equilibrium bond length for the i th bond, k θ and θ eq,i are the force constant and equilibrium angle for the i th angle, and k φ , φ eq,i , and σ φ,i are the well depth, equilibrium angle, and well-width for the i th dihedral. In this model, dihedrals are only applied to the backbone of the system, which represents the sugars and the phosphates.
There is also an added dihedral function to the DNA backbone in the form of
The non-bonded potentials can be broken down into electrostatic interactions, excluded volume interactions, and base-pairing interactions. The full non-bonded set of contributions is:
The excluded volume interaction, U exclude , follows a purely repulsive Lennard-Jones interaction of the form
In this case, the cutoff, r Cut = σ ij is the arithmetic average of the size of the interacting particles. The potential assumes interactions between all sites that are not bonded together or interacting by a base-pair non-bonded potential. The electrostatic interactions occur between the charged phosphates and residues on the proteins. We use the implicit, DebyeHückel screened electrostatic potential of the form:
where q i and q j are the charges on the i th and j th sites, λ D is the Debye length, and (T, C) is the dielectric permittivity of the solution.
The base-pairing interactions can be broken into three interactions: base-pair (U bp ), basestacking (U base−stack ), and cross-stacking interactions (U cross−stack ). All three rely on a Morse potential of the form
which is broken down into a repulsive component,
and an attractive component,
.
For these functions, ij is the well depth of the interaction, r eq,ij is the equilibrium distance of the interaction, and α ij is a parameter that controls the range of the attraction. We also incorporate a modulating function f to the angles of interaction in the cross-stacking, base-stacking, and base-pairing interaction to smoothly scale the interactions between nonhydrogen bonded and hydrogen bonded base pairs. The modulating function is of the form
where K is a modulating constant depending on the type of interaction. With these definitions in place, we can fully describe the force field of interaction of a base pair, which
In this case, θ 1 is defined as the angle between the sense-strand sugar, base and the anti-sense base, while θ 2 is the same angle but on the opposite strand of DNA, φ 1 is the dihedral between the sugar and base on the sense and anti-sense strands of DNA. When two base pairs are hydrogen bonded, we also consider the pi-stacking interactions in the form of base-stacking and cross-stacking interactions.
The base-stacking interaction is
, where the angle, θ BS , is defined by the angle between the vector connecting the 5' direction sugar and base and the vector connecting the two bases in the 3' direction.
The cross-stacking interaction is
where θ 3 is the angle between the vectors connecting the sugars to the bases in a W-C base pair and θ CS is the vector connecting the sugar to the base, and the vector connecting the base on the anti-sense strand in the 5' to the base in the 3' direction on the sense strand.
For completeness, we use the following parameters for the DNA model. 
AICG Model
The AICG model of the histones employ a Go-like interaction force field. We define the potentials below. 
The parameters are amino-acid dependent and are calculated using the CafeMol simulation package.
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Description of Histone Groups
For a consistent definition of the restraints for the pair potentials, the groups are comprised of residues from the histone core. There are three unique groups of residues and one set of groups for each nucleosome. All sites displayed correspond to both copies of the histone, unless otherwise noted. (Eg. residue 63 references the 63rd residue on both H3 and H3') Here, the (') denotes the second instance of that specific histone in the octamer. These residues hold for all simulations, including tail removed/modified runs. The groups are displayed in the following table:
From these groups, we define the vectors for the restraints. The groups were chosen to 
The restraints of the two nucleosomes are then characterized by harmonic springs placed between angles of the above vectors. For the orientations in this study, the restraint angles were calculated from the initial time step of the nucleosomes at these orientations. The restraints were then put in place on the following angles: The values of the angles for the four orientations are defined as:
Acetylation of the H4 Tail
We considered multiple effects for modifications of the H4 Tail. The effects of the H4 tail shown in S1 highlight the energetic contributions. Applying the same analysis for the Debye-Hückel system here, we look at the histone coordination probability of the tails. As can be seen in Fig. S2 , the coordination probability decreases for every tail. Comparing to the Debye-Hückel result, the highest probability still corresponds to the H4 tail at 33 percent. We see no relative change of the tails, except now we note that the relative contribution of the H2A tail is approximately equivalent to that of the H4 tail. In Fig. S3 D, the fraction of H4 contacts with the opposite nucleosome histone is lower than that of the H2A tail. We attribute this to the DNA versus histone contributions of the H4 tail. It can be seen that the relative coordination of the H4 is lowered when considering the fraction of nucleosome contacts, even in the Debye-Hückel case, suggesting a larger contribution of DNA contacts. As the interactions between DNA and histones are reduced in the implementation of Manning condensation, the free energy magnitude is reduced in this range. 
